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the periods of collection of excreta were reduced from 6 to 4 days (cf. Henry & Kon, 1956 ). The basal diet had the following percentage composition: rice starch 64, sugar 12, potato starch 10, margarine fat 10, salts (de Loureiro, 1931) 4. The protein source to be tested was added in place of an equal weight of rice starch. Table I gives, for all experiments, the source of protein tested, the amount of it included in the diets and the nitrogen content of the diets. * These values were calculated by multiplying the actual nitrogen content of the diet by the conventional protein factors: 6.38 for milk and casein, 6 2 5 for soya-bean meal. In referring to protein levels in the text the 'intended' levels are used for simplicity.
VOl. 1 1
Protein level and value for rats 307 on rats at I month of age and again with the same rats at 5 months; between experiments the rats were given our stock diet (Folley, Ikin, Kon & Watson, 1938 Exps. 5-7. Casein and soya-bean meal. Casein and soya-bean meal were tested at 8 and 16% protein levels. I n Exps. 5 and 6 vitamin-free casein (Glaxo Laboratories Ltd) and in Exp. 7 low-vitamin casein (Genatosan Ltd) were used. The samples of heat-treated soya-bean meal obtained from U.S.A. differed in all three experiments.
RESULTS

Exp.
I. Effect of level of protein intake and of age of rat on the biological value and true digestibility of casein, alone or supplemented with 0.4 % m-methionine
The results are given in Table 2 . With the young rats the biological values were the same whether there was 4 or 8 % of the protein in the diet, whereas with the adult animals significantly higher values were found at the lower level. I n all tests methionine increased the biological value of casein, but the increase was significant only for the young rats at the 8% level. In comparison with young rats, adults gave significantly higher values at the 4 yo and significantly lower values at the 8 yo level of intake. Only small differences were found between the true digestibilities, some being just significant. The results are given in Table 3 . They are broadly similar to those obtained in Exp. I and in our earlier experiments with milk (Henry & Kon, 1952) . With the I957 young, but not with the adult, rats lysine increased the biological value of the deteriorated milk, but the increase was statistically significant only at the 8% protein level.
At the 4 % level significantly higher values were found with adult than with young rats. Again differences in the true digestibility of the milks were slight; the value for the lysine-supplemented milk at the 4% level with adult rats was significantly higher than any of the other values. 
Exp. 3. Effect of level of protein intake on the biological value and true digestibility of the proteins of egg
The results are shown in Table 4 . T h e biological value of whole-egg proteins was, statistically, the same at 4 and 8 yo levels of protein intake ; it decreased progressively, and highly significantly, when the protein level was further increased to 12 and 16%.
The true digestibility of the egg proteins was significantly lower at 16 than at 4, 8 and 12 yo ; with the three lower levels the small differences were not significant. The results are shown in Table 6 . I n all three experiments significantly higher biological values were found for casein at the 8 than at the 16% level of protein. For soya-bean meal, in Exps. 5 and 6, the level of protein intake had no effect on its biological value; in Exp. 7, however, the value was significantly higher at the lower level of intake.
The true digestibility of casein or of soya-bean meal was not affected by the level of protein intake in any of the experiments. 
DISCUSSION
Reports in the literature (Frost, 1950; Mitchell, 1950; Forbes & Yohe, 1955) indicate that, in terms of percentage of the total nitrogen intake, the requirements of young and adult rats for the sulphur amino-acids are essentially the same. However, Womack, Harlin & Lin (1953) have shown that a higher proportion must be supplied as methionine to the young (5'6) than to the adult (1/3) rat (see also Hartsook & Mitchell, 1956 Mitchell (1947) and Nasset & Ely (1952) that the adult rat requires less lysine than the young growing animal. T h e high biological value now obtained with adult rats for the lysine-deficient sample of milk (see above) at a 4% level of intake agrees with that found earlier for the same sample of milk (Henry & Kon, 1952 ). Addition of lysine had no effect either at the 4% or at the 8% level of intake. With young rats, on the other hand, a supplement of 1 -2 5 % L-lysine increased the biological value of this milk at both levels of intake though not significantly so at the 4% level. We would have expected that the improvement would be significant also at the 4% level since in earlier experiments (Henry & Kon, 1952 ) the biological value of the control milk in which lysine was fully available was at both levels higher than that of the deteriorated sample. Earlier experiments at an 8 yo level (Henry et al. had shown that the biological value of a similarly stored sample of milk could be brought to that of the control milk by the addition of 1-25 yo L-lysine but that the addition of excess lysine depressed the value (see also Henry & Kon, 1952) . A possible explanation of the discrepancy between these tests is that as the experimental design did not allow us now to include a sample of the control milk in the tests we do not know to what extent the lysine supplement made good the lysine deficiency of the stored milk.
1947-8)
No change was found in the biological value of egg (Exp. 3) or casein (Exps. I and 4) when the protein level was increased from 4 to 8% but for both proteins the value progressively decreased when the protein concentration was further increased to I z and 16% (Exps. 3 and 4). This finding is in general agreement with the conclusions of Mitchell & Beadles (1952) that rats use protein more efficiently for growth at dietary levels below 12%.
Our results, summarized in Table 7 , indicate that any decreases in the biological value in the change from the 4 to the 8 yo level may be a function of the protein tested.
Thus for a complete protein (egg) or for one deficient mainly in methionine (casein) the biological values did not differ significantly. However, when the principal deficiency was of lysine, biological values were markedly higher at the 4% level. Mitchell (1923-4b) obtained lower values at 10 than at 5 % for several proteins, but noted that the decrease was much more marked with cereal than with milk proteins.
Lysine is essential for growth in the young rat but much less so for the adult (Neuberger & Webster, 1945; Mitchell, 1947 ; Nasset & Ely, 1952). It follows, therefore, that if a young rat fails to grow, its requirement for lysine will correspond more closely to that of the adult and a high biological value indicating no shortage of lysine will result. Our records show that young rats given the lysine-deficient milk (8-1oy~) should prove the most satisfactory in the determination of the biological value of proteins. We have pointed out in earlier publications (Henry et al. 1947-8; Henry & Kon, I 95 6) the advisability of including some reference protein in all balance experiments since responses may vary markedly with different batches of rats. This need is further emphasized by the results of Exps. 5-7 (Table 6 ). Thus at the 8 % level the biological values of both casein and soya were markedly lower in Exps. 5 and 6 than in Exp. 7, although the relative values of these two proteins were similar in all three experiments. I n twenty-seven separate experiments at the same level we obtained a mean biological value of 80 for five different samples of low-vitamin casein, a value of the same order as those reported in the literature (cf. Kon & Henry, 1951 , 1954 . The values of 66 and 68 now found for casein I1 (Exps. 5 and 6) are not only lower than our mean but are also the lowest of nine values (mean 79) obtained before and since for this particular sample of casein. For four samples of soya-bean meal we have found (unpublished results) a mean biological value of 71 in eleven separate experiments. The value of 73 found for soya I11 (Exp. 7) agrees well with this mean value but those of 55 and 60 respectively found for soyas I (Exp. 5 ) and I1 (Exp. 6 ) are very much lower. I957
A decrease in biological value with increase of the dietary protein from 8 to I 6 yo would be expected for high-quality animal and vegetable proteins like casein and soya-bean meal. A fairly consistent decrease was observed for casein in the four experiments now reported. I n three of them (Exps. 4, 5 and 7) and in earlier work (Henry & Kon, 1956) we found that the 16% values were 15-18% lower than those determined at 8 yo ; in the remaining experiment (Exp. 6) the decrease was 30 yo.
The results for soya were less consistent, and the increase in protein level depressed the biological value only in Exp. 7; in the other two experiments the values were almost identical at the two levels. No explanation can be offered for these findings. SUMMARY I . The effect of level of protein intake on the biological value and true digestibility of several proteins was studied in experiments with young rats; some of the experiments were repeated with the same rats when adult.
2. A higher biological value was found for casein with adult rats at a 4 yo than at an 8% level of protein intake or than at either level of intake with the same rats when young.
3. The addition of 0.4 % DL-methionine increased significantly the biological value of casein only with the young rats at the 8% level of intake.
4. These results suggest that the sulphur amino-acid requirement of the rat decreases with age.
5.
The biological value of a sample of lysine-deficient dried skim milk (cf. Henry et al. 1947-8) was significantly higher for adult rats at a 4% than at an 8% level of protein intake or than for the same rats when young at either level of intake: this finding is consistent with the lower lysine requirement of the adult rat.
6. With the young rats a significantly higher value was found for the deteriorated sample at the 4 than at the 8% level of intake.
7. A supplement of 1.25% L-lysine to the deteriorated sample increased significantly the biological value of the milk only for young rats at the 8% level of intake.
8. With young rats increase of the level of protein intake from 4 to 8% did not change significantly the biological value of egg proteins or of casein. With both, further increases to 12 and 16% caused a progressive decrease in their biological value. 9. It is suggested that if young rats fail to gain weight adequately on diets containing low levels of proteins deficient in one or more of the essential amino-acids spuriously high biological values may be obtained. In general, tests with 8 yo protein in the diet should be more reliable guides to the relative nutritive value of proteins than tests done at lower levels.
10. The advisability of including a reference protein in nitrogen-balance experiments is stressed.
I I . With the proteins studied, differences in true digestibility with changes in level of protein intake or age of rat were small, some being just significant.
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